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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

PRESSURE-RISE AND LEAKAGE-LOSS CHARACTERISTICS
OF A ROTATING COWLING

By Jack F. Runckel and Gerald Hieser
SUMMARY

An experimental and analyticel investlgation was conducted for the
purpose of studying the pressure-rise and leakage-loss chsracteristics,
of rotating cowlings. The intermal-flow characteristics of the test
cowling were investigated over a broad range of the flow parameters and a
method for determining the pressure-rise characterlistics has been derived.

A comperison of the experimentel and analytical results indicates
that the pressure-rise characteristics can be predicted 1f the internsl-
flow losses and the lnternal-flow angle at the cowling-vane trailing
edge are known.

The total-pressure losses through the leak gep were of negligible
magnitude for all conditions investigated. The flow lost through the
leak gap varied from about 5 percent to more than 25 percent of thg
inlet flow. The leek Tlow was greatest gt low Inlet-velocity ratios
and at high values of wvane pressure rilse.

Some of the features peculiar to the design of rotating cowlings
are discussed and methods for estimating the lesk flow and the proper
setting of the cowling vane are included.

INTRODUCTTON

The use of a rotating cowling for propeller-driven aircraft hsas
been advocated from time to time. This type of cowling, sometimes
referred to as an E-type cowling, consists of inner and outer rotating
shells held together by stresmline fairings which cover the propeller
blade shenks. The internal air flow is inducted through the spaces
enclosed by the shells end fairings. The blade-shank fairings or vanes,
which are in the form of airfoil sections, are fixed within the rotating
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cowling, and operate at an effective angle of attack determined by the
ratio of internal volume flow to the cowling rotational speed.

Little information on the internsl aserodynamics of rotating cowlings
has been published. Some previocus investigations have been conducted
to study the drag characteristics (references 1 and 2). Flight and
ground-cooling tests of an air-cooled engine equipped with a rotating
cowling are reported in reference 3. Wind-tunnel-model tests of a
rotating cowling to determine the effect of the spinner-body gap on the
pressures available for cooling are presented in reference 4. More
recently the British have conducted model tests to investigate the drag,
power requirements, and cooling characteristice of hollow splnner fans
(reference 5). Whirl tests of & rotating cowling are reported in refer-
ences 6 and 7.

The purpose of the present Investigation is to study experimentally
and analytically the pressure-rise and leakage-loss characteristics of
a rotating cowling. The cowling used in the experimental phase of the
investigation was an adaptation of the one described in reference 7
altered to Tit a nacelle available in the langley l16-foot high-speed
tunnel. The cowling aerocdynamic Investigation was one phase of a compre-
hensive engine-cowling study, the other phases of which were subsequently
cancelled. The pressure-rise and leakage-flow characteristics were
investigated over a broad range of iInternal-flow parameters. The pressure
rise of the cowling was also calculated analytically. Although the con-
figuration tested incorporated some features which limited the efficiency
of the cowling, the experimental resulis provide a check on the manner
in which the pressure rise varies wlth the internal-flow parameters.

The design of rotating cowlings i1s discussed on the basis of the
internal-flow analysis and the observed experimental trends. Methods for
estimating the leakage losses and the proper vane setting are outlined.

SYMBOLS
H total pressure, pounds per square foot
AH total pressure difference, pounds per sguare foot
he} static pressure, pounds per square foot
q dynasmic pressure, pounds per square foot
p mass density of air, slugs per cubic foot

N cowling rotational speed, revolutions per minute
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n cowling rotational speed, revolutions per second

U vane section rotational velocity, feet per second (2nrn)

w angular velocity of vane, radians per second

u rotational velocity of air, feet per second

v velocity, feet per second

W resultant velocity of air relative to vane, feet per second

Q quantity flow, cubic feet per second

A cross-sectional area, square feet

d root-mean-square dismeter, feet

R redius to outer wall of annulus, feet

T radius, feet

c ' orifice coefficient

k pressure-loss coefficient

6 angle between gxial velocity vector and resultasnt velocity
vector of air et trailing edge of vane, degrees

¥ angle between axisl direction and velocity vector leaving

leak gap, degrees

Subscripts: The numericsl subscripts refer to stations shown in figure 1.

1 cowling inlet

2 leading edge of vane

3 trailing edge of vane

4 exit of leask gap

5 survey station behind vane

a axlal component

L lesk
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1 local

o free stream

r resultant

LE leading edge of wvane
s surface

calc calculated

MODEL CONFIGURATION

The present rotating cowling was built from a "blower spinner,”
described in réference 7, originally constructed by the Hamilton Standard
Propeller Company for an installation utilizing a Wright R-2600 engine
and was altered for these tests to fit an availlable nacelle utilizing a
Pratt & Whitney R-2800-31 engine. A sketch of the model installation
tested is shown &s figure 1. The rotating cowling as constructed retained
the original Hamilton Standard propeller and hub, the original mounting
attachments, and the origlnal outer shell; but the annular passage was
redesigned to fit the Pratt & Whitney engine.

Preliminary tests showed that severe separation occurred from the
inner surface of the cowling lip. A modification of the leading edge
to alleviate this condition was Incorporated in the form of a balsa
fi1ller attached to the lip as shown in figure 2. A plot of flow eres
through the cowling with the filler installed is &lso shown in figure 2.

The rotating cowling was made up of two sections, the front section
which was detachable to permit removal of the propeller dome, aend the
resr section which contained the propeller shanks. Photographs of the
front section, the rear section, and the assembled cowling are shown in
figures 3, 4, snd 5, respectively. All circular shells and structural
members were fabricated from aluminum spinnings. The vanes were made of
heat-treated sheet duralumin and were riveted to the spinnings forming
the ailr passage. The total testing time, including the time for whirl,
preliminary, and performance tests, was approximately 160 hours. Upon
completlon of the investigation no sign of fatigue failure could be
detected. . :

A concept of rotating cowling design is that the vanes should
provide zero or small pressure rise at the high-speed condition because
additional pressure rise is not required for this condition and minimum
cowling input power is desired. If this concept 1s followed, the vanes
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should be constructed in the shape of alrfoil sections warped to fit

the ailr helix path at the design condition. For the present cowling it
was Intended that the vane root, mean, and tip radius sections beé alined
with the respective helix paths. However, because of errors in the
design, alterations to facilitate construction, and the addition of the
balse filler, the vanes were not alined completely with any mean air
path based on the intermnal geometry and given values of Q; and n.

The vanes utilized an altered 16-geries thickness distribution and were
gbout 25 percent thick at the mean radius section to permit full
feathering operation of the propeller. The vane sldes were generated
by straight-line elements extending from the axis of rotation to the
surface of the alrfoil section located &t the mean redius of the annular
passage. A representation of the vane shape at the root-mean-square
radius of the annular passage is shown in the sketch of figure 6. The
forward portion (shown as dotted lines) is distorted considerably as a
result of the rapldly changing redius, but the distortion is negligible
near the trailing edge. Included on the figure are the mean line of
the vane section and the sir helix path which most nearly corresponds
to the mean line along the rear portion of the vane. The forward
portions of the vane are effectlvely at local angles of attack with
reapect to the curved flow of the 1llustrated air helix. This local
angle is accentuated by the addition of the balsa filler.

A fixed diffuser which directed air to the engine cyclinders was
located directly behind the trailing edge of the vanes (fig. 1). The
exit of the gap between the rotating and fixed cowlings was designed
according to the principles suggested in reference L. The leak gap
(fig. 7) was 5/16 inch. Leakage through the gap at the inner spinrer
was prevented by & sealing plate inside the inner spinner.

INSTRUMENTATION AND TESTS

The internal quantity flow measurements were obtained by the use of
three total- and static-pressure rakes installed inside the lip Just
ahead of the vanes as shown in the sketch of figure 1 and@ in the photo-
graph of figure 8. The rakes were supported from streamline struts
located in the tunnel shead of the cowling inlet as pilctured in figure 9.
Bach rake contained five total-pressure tubes and four static-pressure
tubes.

For the purpose of exploring the boundary layer behind the cowling
lip a 3-inch rake containing 10 total-pressure tubes was inserted st
the bottom of the annular dquct gbout 10 inches inside the entrance
(fig. 1). This rake wes installed during preliminary nonrotational tests
only.
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The leak flow through the spinner-body gap was determined by
measurements from three total- and three static-pressure tubes equally
spaced around the periphery at station 4 (fig. 1). The angle at which .
the air left the leak gap was determined from both s yaw tube and tufts
installed on the fixed cowling =t station k4.

The survey plane at which the total-pressure recoveries were
measured is shown as station 5 in figure 1. There were three equally
speced raskes installed, one of which was located at the bottom of the
passage; each contained five shielded totsl-pressure tubes. Inner- and
outer-wall static orifices were located adjacent to each rake. Temper-
atures were measured with thermocouples installed at station 5 and in
the tunnel air stream.

Rotational speed was measured with a calibrated silrecraft tachometer.
The cowling rotated at one-half engine speed. An upper limit to the
rotational speed of the cowling of 1200 rpm was msintained as the unbal-
ance caused by the filler increased the centrifugal stresses in the
covling. The engine-cowling flaps were used to regulate the internal-
alr flow.

The pressure-rise characteristics of this type of cowling at a
given angle of attack are defined by the flow coefficient Ql/nd3. Each
test condition was obtained by operation at constant values of forward .
and rotetional speed end Ql/nd3 was varled by changing the cowl-flap
setting. Several values of forward and rotatlonal speed were used in
order to cover the complete range of operation. All tests were run at
a model thrust axis angle of attack of 0°.

RESULTS AND DISCUSSION

Effect of inlet-lip shape.- The pressure recovery measured at
gtation 5 in preliminary tests of the cowling was found to be undesirably
low. Boundary-layer measurements 10 inches inside the inlet (fig. 10)
indicated that the entering flow was separating from the inner surface
of the lip. The balsa filler (fig. 2) was then installed to eliminate
this separation. The boundary-layer-survey proflles were used to
determine pressure-loss coefficlents which represent only the loss due
to the boundary layer on the outer passage wall. This average loss is
shown a&s & function of (Vl/Vo)2 in figure 11. The slope of the curve
increased at an increasing rate with (V1/Vo)2 for the original lip,
but with the balsa filler installed the variation was nearly linear
which is compatible with normel unseparated internal-loss characteristics. .




RACA RM L50DOT T

All the date presented herein except that shown in figures 10 and
11 were obtained only for the configuration with the balsa filller
installed on the cowling lip.

Pressure surveys behind vanes.- Several representative distri-
butions of pressure coefficient across the annulus at the survey plane
(station 5) are given in figure 12 far the range of flow coefficient

Ql/nd33 investigated. The root-mean-square dlemeter of the passage

et station 3 (d3 = 3.30 feet) was selected as a representative dimen-
sion to be used in computing the flow parameter. Each of the local
total-pressure coefficients represents the average from three tubes
egqually spaced around the periphery. These plots reveal that an out-
wardly increasing totel-pressure gradient existed throughout the Qi/nd33

range. The total.pressure gradient was steepest and a tendency toward
flow separation occurred at low values of Ql/nd33 which correspond

to high vane angles of attack, high pressure rise, and high centrifugal
forces. In this flow-ccefficient range an area of possibly reversed
flow existed, as is indicated by the fact that the totasl pressure was
below the static pressure.

Pregssure rise through the cowling.- The total pressure avallable
behind the vanes depends upon the pressure rise provided by the vanes
and the losses in the cowling. The varistion of pressure recovery

- D Q
Ez——-Jg with ——Eg is given in figure 13 for operating conditions of

nd3
constant forward and rotational speeds. The pressure recoveries repre-
2
sent the averages, weighted on the basis of (g) s OFf the locel recoveries

across the annulus. The deviation from straight lines shown on some of
the curves resulted from operation of the vanes in the stalling region
with e consequent loss in pressure rise. The inlet-veloclty ratio

varied throughout the Ql/nd33 range for each curve of constant operasting
condition,

The data of figure 13 were cross-plotted and are given in figure 1L
as the varistion of pressure recovery with Ql/nd33 for several constant
values of inlet-velocity ratio. As indicated by the curves, the value
of Ql/nd33 of sbout 0.63, where the pressure recovery is unity, repre-
sents the operating condition at which the cowling vanes provided suffi-
cient pressure rise to overcome all logses in the internsal-flow system
up to station 5. At values of Ql/hd33 less than 0.63 the vanes
operated at positive angles of attack so that the combined pressure rise
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due to the vanes and the ram pressure recovered by the cowling was
greater than the dynamic pressure of the free stream. Conversely, at
values of Ql/nd33 grester than 0.63 the vanes operated at reduced

angles of attack and were not capgble of overcoming the pressure losses
in the internal flow.

The relationship between the pressure coefficient and pressure
Hs - By, (Vo\¥/Es5 - po

recovery is, - ). Therefore, all of the data

a3 - VI Qo
given in figure 13 can be shownHas aHsingle curve of the nondimensional
blower-performence parameters 2 _ "o and if the losses and

pPressure rise are constant functions of gqj. This relationship, which
eliminates V1/Vo as a basic varisble, is given in figure 15.

Prediction of pressure rise.- In order to predict the pressure
rise of a rotating cowling, it is necessary to esteblish the theoretical
pressure rise and the internal aerodynamic losses. The equation for the
ideal pressure rise may be obtained if certain essumptions are made in
regard to the cowling geometry. The concept of the mean effective
diameter used herein represents the root-mean-square diameter of the
annulus area at the tralling edge of the vanes. This diameter divides
the annular passage into two areas of equel mass flow if the velocity
and density distributions are uniform at this station. The equation
for the ideal pressure rise of a blower (reference 8) is

AH = o r3u3 - r2u2)

When there is no prerotation of the air at the inlet, uy = 0. There-
fore, the equation may be expressed in terms of the rotational velocities
at the vane outlet:

AH = pU3u3

where the rotational velocity of the vene U3z = r3w = nnd3.

The vector diagream of velocitlies at the vane trailing edge
(station 3) is shown in figure 16. The rotational velocity of the alr
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is usz = ﬁnd3 - VaS tan 6. The pressure rise may be written as a
pressure coefficient:

H3 - Ho _ pﬁnd3u3
2
a3 _;._pvl

The velocity at the inlet (station 1) may be expressed in terms of
the inlet flow Q and area Al. Thus the pressure-rise coefficient
becomes:

Hy - Hy 21rnd3(rrnd3 - Vaz ten 0)

q; - (Qu/A1)2

In terms of the flow coefficient

2.2 2
2Al T 2Al T

tan €

2
H3 - HO _ (d3))+ _ A3d3 (l)
q] Q1 2 Q
nd33 nd33

Since the veriation of pressure rise with flow coefficlent has been
established, it is now necessary to determine the manner in which the
losses vary with Ql/hd33. The losses which caen be expressed in terms

H

of ——a——g are primerily due to diffuser separation and skin friction.
1

When the vanes operate unstalled it is assumed that the losses can be

expressed as a function of the resultant dynamic pressure at the vane

leading edge: '

Gﬁﬁ)loss = kg,
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In coefficient form this expression becomes:

1.2
(AH) 1088 X 2°Vr
q B lVE
1
P
2 _ (¥ 2
and V,= =(g—) + (7ndyg)< where dyg 1s the root-mean-square

dlsmeter of the passage at the vane leading edge. In terms of flow
coefficlent, the loss coefficlent may be written thus:

(marghy)?
(AH)].OSS _ d3 +<A1 )2 (2)
B 32 T\&
94 (aa/nag?. \Pm

The rotating-cowling pressure-rise equation, including the internal
serodynamic losses, is now written:

28,%x%  281°x [(nazgAs )@
Hy - B, (33)"  Agd zten @ 3-8 A \2
3-8 (%3) A% %3 +<1) (3)
i Q. \? Q Q1 \2 A
ndq3 nd33 nd33

Comparison of'calculated and experimental pressure rise.- For the
present cowling, Al = 2.5T7 square feet, d4 = 3.30 feet,
Az = 5.03 square feet, drg = 1.82 feet, and Apg = 1.68 square feet =

the area at the vane leading edge taken normsl to the cowling exis.
Substituting these velues in equation (3) gives the pressure-rise
equation for this cowling.

B3 - Ho _ 1.107 0.760 tan 6 _ [ 0.169

a Q1 \2 Q1 a \2
nd33 nd33 nd33

+ 2.34 (%)
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The quantities 6 and k in equation (4) are unknown for the present
cowling. Evaluation of these gquantities is necessary in order to
compare the theoretical pressure-rise coefficients with the measured
values. In flows of this type where the passages are long and narrow
and the vane trailing edges are straight and thin, the exiting flow
necessarily leaves in a fixed direction, that is, roughly parsllel to
the vane mean line at the trailing edge, regardiess of the relative
direction of the entering air. For such cases € would be constent
and, furthermore, its value would be determined by the vane geometry.
In the present cowling, however, it is not obvious that €6 would be
constant, and even 1f it were, its value would not be evident because
of the thick rounded treiling edge. The loss Ffactor k also is probsbly
not constant, since it should depend to some extent on the relative
alinement of the incoming air with the vane leading edge.

In order to determine, however, whether the concept of a constant
€ and k was roughly in agreement with experiment, curves obtained
from equation (4) were plotted for three fixed values of k, (k = 0.1,
0.3, and 0.5) and three fixed values of 6, (8 = 50°, 55°, and 60°)
where the value 6 = 55° corresponds to the condition at which the
exiting flow is parallel {o the vene mean line at the trailing edge.
These curves are compared with the experimental curve in figure 17.

The general agreement in shepe between the calculated and experimental
curves indicates thet an analysis along such lines is satisfactory. The-
fact that the experimental curve is rotated somewhat with respect to
the calculated curves 1s possibly due to improvement in the alinement
of the entering flow, and corresponding improvement in internsel flow,
with increasing Ql/nd 3. SBuch Improvement would csuse not oniy a
reduction of k, but also, because of the reduced separation on the
downstream face of the vane, a simultanecus reduction of 6. TFor
example, at a 6 of 550, a change of sbout 0.15 in k, or simultaneous
changes of gbout 0.1 in k and sbout 3° in 8, across the given
Ql/nd33 range would account for the indicated differences between the

calculated and experimental curves.

A second reason for the discrepancy between the slopes of the
calculated and experimental curves results from the method of averaging
the pressures. If sufficient messurements had been cobtained to permit
weighting the local total pressures with respect to mass flow instead
of area, the average total-pressure coefficients in the low Ql/hd33
range would have been larger than the values glven, while the coeffi-
cients ir the higher Ql/hd33 range would have been increassed to a
smaller extent. A further rotation of the experimental curve in the
direction closer to the calculated curves would be cobtained if the totsl
pressure of the flow leaving the leakage gep could have been taken into
account In the averaging process.
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Leak flow.- A characteristic of the rotating cowling is that part
of the alr flow through the inlet is lost at the lesk gap and the useful
quantity flow svallable at the propulsion unit is thereby reduced. The
magnitude of the lesk flow is a function of various flow parameters as
well as the geometry of the lesk gap. The effects of several types and
sizes of gaps on the leak flow are given 1n reference 5. A lesak gap
designed to provide a flow passage of minimum serodynanmic loss is
described in reference k4.

The leak gap used with the present cowling is shown bn figure 7T
and the following results apply only to this type of gap. The leazk
flow was messured at station 4 just inside the gap where the total
pressure, static pressure, and angle measurements were cobtained and the
gap sres was known.

The ratio of the total pressure measured at station 4 to the
average of the pressures indicated by the three outer tubes located at
station 5 varied from 0.97 to 1.00 throughout the entire range of test
conditions. The low total-pressure losses through the gap indicate
that the present gep design is satisfactory.

The variation of lesk flow with inlet quantity flow for severagl
operating conditions is presented in figure 18. For a constant inlet
flow and rotational speed, the leak flow increased with increasing for-
ward speed msinly because of the reduced external pressure near the leak
exit. At constant inlet flow and forward speed, the leak flow increased
with increasing rotational speed as a result of greater internsl pressure
provided by the venes.

The effect of the flow parameters on the leak flow is giyen in
figure 19. At low values of inlet-velocity ratio and Ql/nd3 the

flow escapling through the leak gap smounted to more than 25 percent of
the total inlet flow for this particular cowling configuration. At

high values of Ql/nd33 the variation of the quantity QL/Ql was small
for & constant inlet-velocity ratio.

The leak-flow quantity has been celculated from the expression

QLcalc =

where pg 1s the local static pressure on the cowling surface at the

station corresponding to the position of the leak gap and was determined
from the data of reference 9 for a nonrotating continuous cowling eand
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p 1s the average of the densities at station 5 and at the cowling surface
at the leak gap. The variation of the measured lesk flow with the cal-
culated flow is shown in Ffigure 20. The points fall on a single siraight
line, the slope of which is the leak-gap-orifice coefficient. The value

of the coefficient
2(Hy - P
Ah ( 4 k) cos ¥
Qr. V ey

QLu::a.lg: 2 £H5_' PS)

o

A

was fournd to be 0.66.

For the purpose of estimating the lesk flow for a rotating cowling
having & similar leak-gep design the following equation may be used:

2(13 - D
5 8
QL = O-66A’+ _E

The value of H5 can be obtained from the calculated pressure-rise

characteristics of the rotating cowling. The surface static pressure
can be determined from the date of reference 9. The average density I
can be estimated from the external density and the internsl-flow condi-
tions; usually the pressure rise through the vanes is small for the
design condition. Since the pressure-rise range for this type of
cowling will be small, 1t may be assumed that the density will be constant
over the operating range. The assumptions involved in the foregoing
method will result in a relatively small error in estimation of the lesk
flow. The effect of such errors on the over-all pressure-rise charac-
teristics of the cowling will be still less since the leak flow will be
only a portion of the total inlet quantity flow. Thls is especielly
true of installations for gas-turbine engines which require a much
greater quantity flow than the present englne installatlon.

Pesgign considerations.- The procedure for designing a rotating
cowling for a specified propulsion unit involves several features which
are not encountered with fixed cowlings. A general approach toc these
design problems is therefore discussed in the followlng paragraphs.

The performance requirements of the airplamne and the selected
engine-propeller combination establlish the propulsion-unit mess flow,
the cowling rotational speed, and the desired engine inlet pressure.



1k NACA RM L50DO7

With these guantities known, the internal aerodynamic problems which
arise include an evaluation of the leak-flow quantity, determination of
the internsl-flow losses, and the design of the vanes.

A layout of the propulsion system will provide the preliminary
over-all dimensions necessary for the selection of s cowling. From this
informaetion and the knowledge of internal-air flow obtained from both the
engine mass flow and the leakage flow estimated from data such as are given
in figure 19, a cowling external shape may be selected through the use of
design charts such as those given in reference 9. .

If this shape and the desired pressure behind the vanes is utilized,
the leak flow may then be determined more accurately by the method out-
lined in the section entitled "Leak flow." The revised iniet quantity
flow may necessitate a reselection of the external cowling proportions
and the design inlet-velocity ratio. It should be pointed out that, if
the resulting inlet-velocity ratio is high, the advantages of a rotating
cowling are diminished.

The layout of the engine-propeller combination will determine the
coordinates of the inner spinner. The general shape of the internal
pessage will depend upon the spinner dimensions and the desired velocity
at the engine inlet as well as the area variation required to minimize
the losses through the annulus. The root-mean-square passaege diameter
at the rear of the rotating gortion of the cowling may then be deter-
mined and the design Q) /nd3° may be calculated. With this passage

geometry the internal aserodynamic losses in the rotating portion of the
cowling may be estimated for some value of Ql/nd33. In the case where

the diffusion is zero or small, the magnitude of the losses may be esti-
mated by calculating the skin friction. The value of the loss coeffi-
cient k may then be determined from equation (2).

The approximate vane geometry is determined by the shape of the
propeller shanks and the resultant air pesth in the rotating cowling.
It should be pointed out that the air follows an expanding helical path
with respect to the roteting cowling and the local walues of Ql/nd
vary through the cowling. The geometry may be used to evaluate the
constants in equation (3) which can then be solved to determine the air
angle 6, The difference between this 6 and the corresponding angle
of the alr helix at station 3 represents the increase in angle of attack
at which the vane must operate in order to overcome the losses 1in the
rotating passage. If it 1s desired that free-stream total pressure be
made avallaeble at the face of the engine, an increment in vane setting
may be necessary to provide added pressure rise to overcome the losses
in the fixed portion of the cowling. An additional correction to the
angle € sarises from an alteration in the direction of the vector W3
which is due to the mutuel blede interference occurring in cascades.
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The magnitude of this correctlion cannot be determined at this time. A
rough estimate based on cascade studies which may or may'not be appli—
cable indicates that the trailing edge should be turned 3° to 5° past
the desired direction of the outgoing flow. The position of the vane
mey then be determined by assuming that the alr helix represents the
vane mean line which may be rotated to allow for all the angle-of-
attack corrections. Area compensation for vane blockage may be accom-
plished by adjustment of the passage walls. The utilization of camber
instead of increased angle-of-attack corrections should also be con-
gidered as a means of providing the necessary pressure rise.

CONCLUDING REMARKS

An experimental and analytical investigation was conducted to
study the pressure-rise and lesksge-loss characteristics of rotating
cowlings. A method for ‘determining the pressure-rise characteristics
of this type of cowling has been derived,

The pressure-rise characteristics of the test cowling were investi-
gated over & broad range of the internel-flow parameters. A comparison
of the experimental and analyticael results indicates that the pressure-
rise characteristics can be predicted if the internal losses and the
flow angle at the vane trailing edge are known.

The total-pressure losses through the leak gap were of negligible
magnitude fob all conditions investigated. The flow lost through the
leak gep varied from sbout 5 percent to more than 25 percent of the
inlet quantity flow. The leakage flow was greatest at low inlet-
velocity ratios and high values of vane pressure rise.

Some of the features pecullar to the design of rotating cowlings
are discussed and methods for estimating the leakage losses and the
proper vane setting are outlined.

Langley Aeronauticel Laboratory
National Advisory Committee for Aeronsutics
Langley Air Force Base, Va.
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(a) Front view.

Figure 3.— Front section of rotating cowling.
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(b} Rear view.

Figure 3.— Concluded.
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(a) Front view.

Figure 4.— Rear section of rotating cowling.
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Figure 8.— View

of inlet rakes.
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Figure 9.— Rotating cowling

installed in tunnel test section.
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